CM 



UJ 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(Jj) Publication number: 



0 419 281 A2 



@ 



EUROPEAN PATENT APPLICATION 



© Application number 90310361.2 
<§) Date of filing: 21.09.90 



© int. CI *: E21B 33/13, B01F 13/10 



® Priority: 21.09.89 US 412255 

© Date of publication of application: 
27.03.91 Bulletin 91/13 

<g) Designated Contracting States: 
AT DE OK FR GB IT NL 



© Applicant HALLIBURTON COMPANY 
P.O. Drawer 1431 
Duncan Oklahoma 73536(US) 

© Inventor: Allen, Thomas E. 
Route 3, Box 49 

Comanche, Oklahoma 73529(US) 



© Representative: Wafn, Christopher Paul et al 
A.A. THORNTON & CO. Northumberland 
House 303-306 High Holbom 
London WC1V 7LE(GB) 



© Method of cementing a well. 

© A method of performing a cement job on a well 
so that a cement slurry is made and placed in the 
well, said method comprising the steps of: 

(a) flowing cement and water through a mixer into 
a tub to provide a first body of cement slurry: 

(b) flowing a portion of the first body of cement 
slurry into a displacement tank to provide a sec- 
ond body of cement slurry: 

(c) flowing the second body of cement slurry from 
the displacement tank into the well; 

(d) flowing displacement fluid into the displace- 
ment tank: and 

(e) flowing displacement fluid from the displace- 
ment tank into the well behind' the cement slurry 
to place the cement slurry at a desired location in 
the well. 
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METHOD OF CEMENTING A WELL 



This invention relates generally to a method of 
performing a cement job orv a well so that a ce?. 
ment slurry is made and placed in the well. 

After the bore of an oil or gas well has been 
drilled, typically a tubular string, referred to as 
casing, is lowered and secured in the bore to 
prevent the bore from collapsing and to allow one 
or more individual zones in the geological forma- 
tion or formations penetrated by the bore to be 
perforated so that oil or gas from only such zone or 
zones flows to the mouth of the well. Such casing 
is typically secured in the well bore by cement 
which is mixed at the surface, pumped down the 
open centre of the casing string and back up the 
annulus which exists between the outer diameter of 
the casing and the inner diameter of the well bore. 
Typically a displacement fluid, such as water, is 
pumped behind the cement to push the cement to 
the desired location. 

The mixture of cement to be used at a particu- 
lar well usually needs to have particular character- 
istics which make the mixture, referred to as a 
slurry, suitable for the downhole environment where 
it is to be used. For example, from one well to 
another, there can be differences in downhole pres- 
sures, temperatures and geological formations 
which call for different types of cement slurries. 
Through laboratory tests and actual field exper- 
ience, a desired type of cement slurry, typically 
defined at least in part by its desired density, is 
selected for a particular job. 

Once the desired type of cement slurry has 
been selected, it must be accurately produced at 
the well location. If H is not, adverse consequences 
can result. During the mixing process, slurry den- 
sity has typically been controlled with the amount 
of water. Insufficient water in the slurry can result in 
too high density and, for example, insufficient vol* 
ume of slurry being placed in the hole. Also, the 
completeness of the mixing process can affect the 
final properties of the slurry. A poorly mixed slurry 
can produce an inadequate bond between the cas- 
ing and the well bore. Still another example of the 
desirability of correctly mixing a selected cement 
slurry is that additives, such as fluid loss materials 
and retarders, when used, need to be distributed 
evenly throughout the slurry to prevent the slurry 
from prematurely setting up. This requires there to 
be sufficient mixing energy in the slurry mixing 
process. More generally, it is desirable to obtain a 
consistent homogeneous slurry by means of the 
mixing process. This should be done quickly so 
that monitored samples of the slurry are repre- 
sentative of the larger volume and so that dry and 
wet materials are completely or thoroughly com- 



bined to obtain the desired slurry. 

The. foregoing objectives have been known and 



attempts have been made to try to meet them with 
continuous mixing systems. In general, these sys- 

5 terns initially mix dry cement and water through an 
inlet mixer which outputs into a tub in which one or 
more agitators agitates the resulting blend of ma- 
terials. The process is continuous, with slurry which 
exceeds the volume of the tub flowing over a weir 

io into an adjacent tub which may also be agitated 
and from which slurry is pumped down into the 
well bore. Such systems typically also include 
some type of recirculation from one or the other of 
the tubs back into the inlet mixer and the first tub 

is to provide an averaging effect as well as possibly 
some mixing energy. One or more densimeters are 
typically used in the.systems to monitor density 
(this is the means the operator uses to determine 
cement/water ratio), the primary characteristic 

20 which is used to determine the nature of the ce- 
ment slurry. Through this process density averag- 
ing occurs in the mixtures in the tubs, with the goal 
being a slurry having a density within an accept- 
able tolerance of a desired density. Although more 

25 than one densimeter may be used in one or more 
of these prior systems, there is the need for an 
improved system wherein multiple recirculations 
and multiple densimeters responsive to the recir- 
culations are used to enable faster density control. 

30 Despite these continuous mixing systems hav- 

ing significant utility, the oil and gas industry today 
is seeking systems which provide better mixing 
than .such continuous mixing systems have been 
able to achieve. It has been observed that in some 

35 prior systems the inlet mixer configuration provides 
inadequate mixing and causae, rather than reduces, 
air entrainment. Excess air entrainment can ad- 
versely affect density measurements which in turn 
affect control systems and thus resultant slurry 

40 properties. Inadequate mixing can also allow 
"dusting" (escape of unmixed dry cement from the 
mixer). Other shortcomings of at least some prior 
continuous mixing systems include the necessity of 
controlling multiple mixing water valves, and in at 

45 least one type of system, one of such valves 
chokes the water source pressure upstream of 
where mixing occurs so that much of the mixing 
energy is lost At least one prior system Includes a 
primary water inlet valve which has an adjustable 

so conical space that can become clogged by debris 
in the water. 

To try to overcome at least some of the shor- 
tcomings of continuous mixing systems alone, 
batch mixers have been used in combination with 
continuous mixers. These batch mixers are ba- 
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sically larger volume tubs which provide better 
averaging of the slurry so that at least better den- 
sity control may result and possibly better additive 
distribution. For example, a continuous mixer hav- 
ing a capacity of five to eight barrels (800 to 1300 
dm 3 ) may be used to produce a blend which is 
pumped into fifty-barrel (8000 dm 3 ) batch mixing 
tanks. 

Although such batch mixing systems may pro- 
vide some advantages over smaller continuous 
mixing systems, the batch mixing systems also 
have shortcomings. In a batch system, the total job 
volume is typically made before the job starts; 
therefore, severai batch tanksmixers need to be on 
location to hold the pre-mixed volume. This re- 
quires much equipment and personnel and takes 
considerable space at the well site. 

In view of the aforementioned shortcomings of 
the continuous or hybrid continuous, batch mixing 
systems, there is the need for a mixing system 
which provides the desired fluid property averaging 
and which permits rapid changes of the desired 
property to be obtained. It is desirable to obtain 
such a mixing system in a way which efficiently 
uses equipment, personnel and space at the well 
site. Another desirable feature of such an improved 
system is for it to have additional or better applied 
mixing energy because there is a desire in the 
industry to try to have mixing energies which ap- 
proach the API laboratory mixing energies at which 
proposed slurries are developed and tested. 

Another aspect of prior systems is the use of 
water or other displacement fluid from displace- 
ment tanks for accurately determining how much 
fluid is pumped behind the cement to place it at a 
desired location in the well. These displacement 
tanks are carried on prior mixing system vehicles 
which typically do not have enough extra space or 
weight capacities to accommodate a number of 
mixing tubs. For example, a prior system includes 
a vehicle on which are mounted a five-barrel (800 
dm 3 mixing tank and two ten-barrel (1600 dm 3 ) 
displacement tanks. This vehicle does not have 
enough room and weight allowance for additional 
twenty-barrel (3200 dm 3 ) averaging tanks. There- 
fore, there is the need for a mixing system which 
uses the displacement tanks both as averaging 
containers and as displacement tanks. To permit 
this without contaminating the displacement fluid (if 
that would be undesirable), there is also the need 
for "on-the-fly" washing of the tanks between their 
averaging and displacement measurement usages. 

In summary, there is the need for an improved 
mixing system, including both apparatus and meth- 
od, which provides fast density control while pro- 
viding fluid process averaging of one or more de- 
sired properties ( ejj. . density). Such a system 
should also permit the magnitudes of desired prop- 
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erties to be changed quickly. Such a system pref- 
erably has increased or better applied mixing en- 
ergy and can be implemented with existing dis- 
placement tanks used both as mixing containers 
5 and as displacement tanks. 

" According to the^ present invention there is 
provided a method of performing a cement job on 
a well so that a cement slurry is made and placed 
in the well, said method comprising the steps of: 
w (a) flowing cement and water through a mixer 
into a tub to provide a first body of cement 
slurry; 

(b) flowing a portion of the first body of cement 
slurry into a displacement tank to provide a 

is second body of cement slurry; 

(c) flowing the second body of cement slurry 
from the displacement tank into the well; 

(d) flowing displacement fluid into the displace- 
ment tank; and 

20 (e) flowing displacement fluid from the displace- 
ment tank into the well behind the cement slurry 
to place the cement slurry at a desired location 
in the well. 

The present invention can be used to improve 

25 job quality, mix thick slurries at high rates, and 
reduce the need for batch mixers. Job quality im- 
provements come from better density control, re- 
ducing free water content of mixed slurries by 
increasing mixing energy and providing an averag- 

30 ing tank volume. Thick slurries can be mixed at 
high rates by using an improved high-energy pri- 
mary mixer, increasing the rolling action in the 
mixing containers by using larger and higher horse 
power agitators and by increasing recirculation 

35 rates. The need for batch mixers is obviated be- 
cause the invention can provide approximately 
equivalent quality as compared to what has here- 
tofore been obtained with hybrid continuous, batch 
mixing systems. 

AO In a particular implementation, the present in- 

vention includes a primary mixing tub associated 
with two secondary mixing tubs. Two recirculation 
circuits, each having its own densimeter, are con- 
nected among the three tubs. A special density 

45 control algorithm is implemented in a computer 
control system. The aforementioned advantages 
are achieved with this system. Using this system, a 
constant mix rate can be maintained during density 
adjustments. This new system also allows the oper- 

50 ator to input maximum and minimum mixing den- 
sities to prevent the system from being overdriven 
or underdriven too much. It also corrects for poor 
delivery of at least one of the substances to be 
mixed. Using this new system, an increased re- 

55 sponse rate for controlling the density in the secon- 
dary tubs is achieved. 

More generally, the present invention provides 
an apparatus for producing an averaged mixture. 

3 
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comprising: a first tub; inlet means for producing 
and inputting initial mixtures including a first sub- 
stance and a second substance into the first tub for 
producing a first averaged mixture within the first 
tub; a second tub; a third tub; means for selectabty 
directing a portion of the first averaged mixture 
from the first tub into at least a selected one of the 
second tub and the third tub for producing a sec- 
ond averaged mixture within the selected at least 
one of the second tub and the third tub; and means 
for recirculating at least a portion of each of the 
first averaged mixture and the second averaged 
mixture back to the inlet means for mixing with 
initial mixtures of the inlet means The apparatus 
still further comprises control means, responsive to 
flows through the means for recirculating, for con- 
trolling the inlet means to produce desired initial 
mixtures from which a desired second averaged 
mixture can be obtained in the selected at least 
one of the second tub and the third tub. 

Stated another way, the present invention pro- 
vides an apparatus for producing a mixture having 
a desired density, comprising: flow mixing means 
for receiving and mixing a first substance and a 
second substance and for outputting a mixture in- 
cluding the first and second substances: first con- 
tainment means for containing a body of a first 
averaged mixture including the mixture received 
from the flow mixing means; second containment 
means for containing a body of a second averaged 
mixture including a portion of the first averaged 
mixture received from the first containment means; 
first recirculation means for recirculating at least a 
portion of the first averaged mixture from the first 
containment means to the flow mixing means; sec- 
ond recirculation means for recirculating at least a 
portion of the second averaged mixture from the 
second containment means to the flow mixing 
means; and control means for controlling, in re- 
sponse to a desired density and to measured den- 
sities of both the recirculated first averaged mixture 
and the recirculated second averaged mixture, both 
the first substance and the second substance re- 
ceived and mixed by the flow mixing means so that 
the second averaged mixture has the desired den- 
sity. 

The present invention also provides a method 
of controlflng the production of a mixture so that 
the mixture has a desired density, which mixture 
Includes a first substance and a second substance 
passed through a flow mixer into a first tub and 
from the first tub into a second tub where the 
mixture is defined. The method comprises the 
steps of: recirculating contents of the first tub to 
the flow mixer; recirculating contents of the second 
tub to the flow mixer; measuring density of recir- 
culated contents of the first tub; measuring density 
of recirculated contents of the second tub; control- 



ling the introduction of the first substance into the 
flow mixer in response to a desired density and 
both of the measured densities; and controlling the 
introduction of the second substance into the flow 

5 mixer in response to the desired density and both 
of the measured densities. 

The present invention provides a method of 
performing a cement job on a well so that a ce- 
ment slurry is made and placed in the well. The 

10 method comprises the steps of: flowing cement 
and water through a mixture into a tub to provide a 
first body of cement slurry; flowing a portion of the 
first body of cement slurry into a displacement tank 
to provide a second body of cement slurry; flowing 

75 the second body of cement slurry from the dis- 
placement tank into the well; flowing displacement 
fluid into the displacement tank: and flowing dis- 
placement fluid from the displacement tank into the 
well behind the cement slurry to place the cement 

20 slurry at a desired location in the well. Preferably, 
after the step of flowing the second body of ce- 
ment slurry from the displacement tank into the 
well, the displacement tank is washed with a wash- 
ing fluid and the used washing fluid is flowed from 

25 the displacement tank into the tub. 

In order that the invention may be more fully 
understood, reference is made to the accompany- 
ing drawings, wherein: 

FIG. 1 is a schematic illustration of a preferred 

30 embodiment of the apparatus of the present 
invention. 

FIG. 2 is an elevational view of components of a 
preferred embodiment of the apparatus sche- 
matically illustrated in Fig. 1 . 
35 FIG. 3 is a plan view of components shown in 
Fig. 2. 

FIG. 4, comprising FIGS. 4A and 4B. is a flow 
chart of a methodology and program of a pre- 
ferred embodiment of the present invention. 
40 FIG. 5 is a control program flow diagram of a 
portion of the methodology and program repre- 
sented in Fig. 4. 

FIG. 6 is a graph showing density for a primary 
mixing tub as a function of time in response to a 
45 step input in design density. 

FIG. 7 is a graph showing the corresponding 
density response for a secondary tub. 
The present invention broadly provides an ap- 
paratus and a method for producing a mixture. The 
50 mixture includes a first substance and a second 
substance, and it can include additional sub- 
stances. In a preferred embodiment the mixture is 
produced so that it has a desired density. In a 
preferred embodiment the apparatus and method 
55 are used for producing an averaged mixture to be 
pumped into a well. For simplifying the description 
herein, the apparatus and method will be specifi- 
cally described with reference to mixing dry ce- 
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ment and water at a well site to produce a cement 
slurry having a desired density for pumping down- 
hole: however, it is to be noted that the apparatus 
and method of the present invention have broader 
utility beyond these specific substances and this 
specific environment 

Referring to FIG. 1 . a preferred embodiment of 
the apparatus of the present invention includes 
containment means 2 for containing a body of a 
first averaged mixture. The apparatus also includes 
containment means 4 for containing a body of a 
second averaged mixture which includes a portion 
of the first averaged mixture received from the 
containment means 2. Connected to the contain- 
ment means 2 is inlet means 6 for producing initial 
mixtures including at least two substances and 
inputting the initial mixtures into the containment 
means 2 so that the first averaged mixture is pro- 
duced in the containment means 2. Thus, the first 
averaged mixture includes mixture received from 
the inlet means 6. 

The apparatus further comprises means 8 for 
selectably directing a portion of the first averaged 
mixture from the containment means 2 into the 
containment means 4 for producing the second 
averaged mixture within the containment means 4. 
The apparatus also comprises recirculation means 

10 for recirculating at least a portion of each of the 
first averaged mixture and the second averaged 
mixture back to the inlet means 6 for mixing with 
initial mixtures of the inlet means 6. Responsive to 
flows through the recirculation means 10 is a con- 
trol means 12 of the apparatus. The control means 

1 1 controls the inlet means 6 to produce desired 
initial mixtures from which a desired second 
averaged mixture can be obtained in the contain- 
ment means 4. 

In a preferred embodiment illustrated in FIGS. 
2 and 3, the foregoing elements are assembled 
and mounted on a suitable vehicle 14. such as a 
trailer which is transportable to a well site. The 
vehicle 14 is a conventional type adapted for the 
specific use for which it is intended to be put ( ejj. 
, tranporting equipment to a well site). 

Each of the aforementioned elements 2-12 will 
next be more particularly described in the se- 
quence in which they were introduced above. 

The containment means 2 includes a primary 
mixing tub 16 (as used herein, "tub- refers to and 
encompasses any container suitable for the use to 
which it is to be put within the context of the overall 
invention). In a particular embodiment the tub 16 
has a five barrel capacity or volume. Disposed in 
the tub 16 at an angle to the tub's vertical axis is a 
large agitator 18 by which high rolling action agita- 
tion and vibration can be imparted to the mixture in 
the tub to aid in wetting the cement within the 
mixture and in expelling air which can be entrained 



in the mixture. A preferred embodiment tub 16 is 
more particularly described in our European patent 
application entitled Mixing Apparatus . filed concur- 
rently herewith (reference 16027). 

s Referring to Figs. 2 and 3 herein, the tub 16 is 

shown mounted on the vehicle 14; The mounting is 
by a suitable technique known in the art. As more 
clearly shown in Fig. 3. the tub 16 is mounted 
centrally between the two longitudinal sides of the 

w vehicle 14 and adjacent two more mixing tubs 
20,22. 

The two tubs 20,22 define the preferred em- 
bodiment of the containment means 4 shown in 
Figs. 1-3. Thus, the preferred embodiment of the 

75 present invention is a three mixing tub system; 
however, it is to be noted that various aspects of 
the present invention have utility with two-tub sys- 
tems or systems with more than three tubs; there- 
fore, the subsequent description herein regarding 

20 the preferred embodiment three = tub system 
should not be taken as limiting other aspects of the 
present invention. 

The tubs 20,22 of the preferred embodiment 
are conventional mixing containers. In a particularly 

25 preferred embodiment of the present invention, the 
tubs 20,22 are implemented with conventional dis- 
placement tanks which are part of a conventional 
vehicle 14 (for example, the Halliburton Services 
trailer-mounted RCMTM-75TC4) used in performing 

30 cementing jobs at well sites. Such displacement 
tanks have heretofore been used to hold displace- 
ment fluid which is pumped behind a column of 
cement slurry to push the cement slurry to a de- 
sired location in the well bore. The displacement 

35 tanks are such that accurate determinations of the 
volume of displacement fluid pumped behind the 
cement slurry are obtained for maintaining proper 
control of the placement of the slurry within the 
well bore. Using such displacement tanks also as 

40 mixing containers allows the vehicle 1 4 to be modi- 
fied to implement the present invention and yet 
stay within the weight limitation of such vehicle 14. 

In the specific implementation where the 
present invention is used to produce a cement 

45 slurry at a well site, each of the tubs 20. 22 might 
have a volume of ten barrels which individually 
provides adequate capacity and which in combina- 
tion provides a twenty barrel capacity that is com- 
parable to large capacity containers which have 

so been used in prior systems used to produce ce- 
ment slurries at well sites. As represented in FIG. 
1, large agitators 24, 25. can be disposed in the 
tubs 20, 22 respectively for providing agitation to 
the bodies of mixture contained in the respective 

55 tubs. As best shown in FIG. 3. the tubs 20. 22 are 
disposed adjacent each other across the width of 
the vehicle 14 and also adjacent the centrally lo- 
cated tub 16. 
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The mixtures which are produced in the tubs 
16, 20, 22 result from the initial mixtures which are 
produced and input by the inlet means 6. In the 
illustrated preferred embodiment, the inlet means 6 
includes flow mixing means 26 for receiving and 
mixing a first substance and a second substance 
and for outputting a mixture which includes the first 
and second substances. In the preferred embodi- 
ment the flow mixing means 26 includes a cement 
inlet 28 for receiving dry cement, a water inlet 30 
for receiving water, and a mixture output 32 for 
outputting a cement slurry of received cement and 
water into the primary mixing tub 16. This is par- 
ticularly implemented in the preferred embodiment 
by an axial flow mixer connected to the tub 16. The 
axial flow mixer comprises the aforementioned in- 
lets and outlet and further comprises one, and only 
one. valve through which the water is admitted into 
the mixture and then into the tub 16. The axial flow 
mixer has dual recirculating inlets 34, 36 and con- 
stant velocity water jets (not shown). The axial flow 
mixer of the preferred embodiment is more particu- 
larly disclosed in our copending European patent 
application entitled Mixing Apparatus , filed concur- 
rently herewith and referred to above. 

The cement inlet 28 of the flow mixer 26 is 
connected to means for selectably admitting the 
dry cement into the flow mixer 26. This includes a 
bulk cement metering device 38, such as a valve of 
a type known in the art (for example, a conven- 
tional bulk control cement head valve). The meter- 
ing device 38 is shown connected to a bulk surge 
tank 40 into which dry cement is loaded in a 
conventional manner. A valve 39 can be included 
for a purpose described hereinbelow. 

The water inlet 30 of the flow mixer 26 is 
connected to a source of water such as is provided 
through a conventional pump 42 and a conven- 
tional valve 44 

As the flow mixer 26 receives cement and 
water and initially mixes it and provides it through 
its output 32 into the tub 16, the tub 16 fills to its 
capacity. Further input to the tub 16 from the flow 
mixer 26 causes an overflow from the tub 16. This 
overflow is communicated over one or more weirs 
into either or both of the tubs 20, 22. Weirs 46, 46 
are illustrated in FIG. 3 and produce the flows 50, 
52, respectively, schematically illustrated in FIG. 1 . 
These weirs 46, 46 define in the preferred embodi- 
ment the means 8 for selectably directing a portion 
of the mixture from the tub 16 into the tubs 20, 22. 
These direct the overflowed averaged mixture from 
the tub 16 into either or both of the tubs 20. 22 for 
final mixing, averaging of the mixture density and 
improving of the distribution of any additives within 
the final mixture. The means 8 can be constructed 
so that the overflow from the tub 16 is provided in 
series first to one of the tubs 20, 22 and then to the 



other. In this way, one of the tubs 20, 22 can be 
used to produce a lead cement slurry, and the 
other of the tubs 20, 22 can be used at a later time 
to produce a tail cement slurry. Alternatively, the 
s tubs 20, 22 can be used in parallel by overflowing 
from the tub 16 simultaneously into both of the 
tubs 20, 22. The means 8 could include something 
other than weirs, such as a pump for pumping 
contents of the tub 16 to the tubs 2022. When the 

w tubs 20, 22 are displacements tanks, it is apparent 
that use of them in the foregoing manner gives 
them a dual function in that they are used not only 
as displacement tanks, but also as averaging tubs 
in which final cement slurries are produced from 

75 the mixture passed into them from the primary 
mixing tub 16. 

To produce the desired densities in the mix- 
tures of the tubs 20, 22 in the manner of the 
preferred embodiment of the present invention, the 

20 recirculation means 10 is used. The recirculation 
means 10 includes a recirculation subsystem 54 for 
recirculating at least a portion of the first averaged 
mixture from the tub 16 to the recirculation inlets 
34, 36 of the flow mixer 26 of the inlet means 6. 

2S The recirculation means 10 also includes a recir- 
culation subsystem 56 for recirculating at least a 
portion of the second averaged mixture from the 
selected one or both of the tubs 20, 22 to the 
recirculation inlets 34, 36 of the flow mixer 26 of 

30 the inlet means 6. 

The subsystem 54 includes a pump 58 (for 
example, a 6X5 centrifugal pump) having an inlet 
connected to the mixing tub 16 and having an 
outlet connected to the flow mixer 26. These con- 

35 nections are made through suitable conduit means 
60. The subsystem 54 of the preferred embodi- 
ment has a recirculation rate two to three times that 
of. a previously conventional system (for example, 
25 barrels per minute versus 8-10 barrels per 

40 minute). This improves mixing and energy, and it 
improves control measurement This subsystem 54 
is more particularly described in our European pat- 
ent application entitled Mixing Apparatus , filed 
concurrently herewith and referred to above. 

45 The recirculation subsystem 56 includes a 

pump 62 (far example, a 6X5 centrifugal pump). 
The pump 62 has an inlet connected to at least the 
two secondary mixing wbs 20, 22. As illustrated in 
FIG. 1, the inlet is also manifolded to the mixing 

50 tub 16 so that the slurry within the first averaged 
mixture can go directly from the tub 16 to high 
pressure pumps (not shown) supplied or boosted 
by the pump 62, to whose outlet the downstream 
pumps are connected as indicated in FIG. 1. The 

55 outlet of the pump 62 is also connected to the flow 
mixer 26. The connections of the pump 62 to the 
respective tubs and the flow mixer are made 
through suitable conduit means 64. Shown dis- 
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posed in the conduit means 64 are conventional 
valves 66, 68. 70, 72. 74 and a conventional control 
orifice 76 (for example, a Red Valve pinch valve). 
As is apparent from FIG. 1 , the flow from the pump 
62 is split between the downhole. or out-of-the- 
apparatus. stream and the recirculation stream 
when the valves 72, 74 are both open. Thus, the 
recirculation flow rate equals the difference be- 
tween the pump rate of the pump 62 and the flow 
rate downhole through the valve 72. The recircula- 
tion provided by the subsystem 56 increases the 
mixing energy available within the flow mixer 26 
above that which would be provided by the sub- 
system 54 alone. 

Reference will now be made to the control 
means 12. In the preferre embodiment, the control 
means 12 responds to a desired density for the 
second averaged mixture to be obtained from one 
or both of the tubs 20, 22 and to measured den- 
sities of both the portion of the first averaged 
mixture recirculated through the subsystem 54 and 
the portion of the second averaged mixture recir- 
culated through the subsystem 56. In response, the 
control means 12 controls the first and second 
substances received and mixed by the flow mixer 
26 so that the second averaged mixture has the 
desired density. 

Referring to FIG. 1, the control means 12 in- 
cludes density measuring means 78, connected to 
the pump 58. for measuring density of the mixture 
pumped by the pump 58 during recirculation. The 
means 78 produces a signal in response to the 
density of the first averaged mixture recirculated 
through the pump 58. In the preferred embodiment 
the means 78 is implemented by a six-inch den- 
simeter of a type as known in the art (for example, 
a Halliburton Services radioactive densometer). The 
densimeter is disposed in the conduit 60 in the 
embodiment shown in FIG. 1. 

The control means 12 also includes density 
measuring means 80, connected to the pump 62. 
for measuring density of the cement slurry pumped 
by the pump 62. The means 80 produces a signal 
in response to density of the second averaged 
mixture recirculated through the pump 62. The 
means 80 in the preferred embodiment includes a 
conventional densimeter (for example, a Halliburton 
Services radioactive densometer) disposed in the 
conduit 64 between the outlet of the pump 62 and 
a junction 82 where the downhole and recirculation 
flows split 

The control means 12 further comprises means 
for entering system design parameters, control tun- 
ing factors and job input parameters, including the 
desired density for the second averaged mixture. 
Another one of the entered parameters is a desired 
rate at which the second averaged mixture is to be 
pumped into the well. The other system param- 



eters and factors are shown in FIG. 4A, which will 
be further discussed hereinbelpw. In the preferred 
embodiment the parameter entering means is im- 
plemented by a conventional data entry terminal 84 

s (for example, the keypad of a Halliburton Services 
UNIPRO II). which interfaces in a known manner to 
a suitable programmed computer 86 forming an- 
other part of the control means 12. 

The computer 86 of the preferred embodiment 

to is a digital computer (for example, as is in the 
Halliburton Services UNIPRO II) which is connected 
to the densimeters 78. 80 by electrical conductors 
88, 90, respectively. The computer 86 is also con- 
nected to the data entry terminal 84 by electrical 

;s conductors) 92. The computer 86 is responsive to 
electrical signals received over these conductors 
so that as programmed, the computer 86 includes 
means for providing respective control signals over 
electrical conductors 94. 96 to the valve 38 of the 

20 dry cement inlet path and to the water inlet valve of 
the flow mixer 26. As illustrated in FIG. 1. the 
computer 86 is also responsive to pressure mea- 
sured in the dry cement inlet flow by a conven- 
tional pressure sensor 98 (for example, a Datamate 

25 0-50 psi (0-350 kPa) gauge pressure transducer). 
The signal generated by the sensor 98 as a mea- 
sure of the pressure of the inlet substance is com- 
municated to the computer 86 over one or more 
electrical conductors 100. In an alternative pre- 

30 ferred embodiment, the inlet pressure can be main 
tained constant such as by means of the control 
valve 39 (FIG. 1). so that varying pressure is not a 
factor in such an embodiment thereby obviating the 
need for the sensor 98. The valve 39 could typi- 

35 cally be a conventional pressure reducing valve for 
maintaining downstream pressure constant while 
upstream pressure varies. 

The means provided by the programmed com- 
puter 86 more particularly comprises means for 

40 performing initial calculations in response to sys- 
tem design parameters, control tuning factors and 
job design parameters entered through the data 
entry terminal 84. The means provided by the 
programmed computer 86 further comprises means 

45 for generating, in response to entered system de- 
sign parameters, control tuning factors and job 
design parameters and in response to initial cal- 
culations and measured densities, a control signal 
for a first one of the substances passed through 

so the inlet means 6 and a control signal for a second 
one of the substances passed through the inlet 
means 6. In the illustrated preferred embodiment, 
this includes means for computing a calculated 
density error and for generating the control signals 

55 in response to the calculated density error. More 
particularly, there is a means for generating one 
signal to control the valve 38 by which the dry 
cement is selectably admitted to the flow mixer 26. 
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and a means for generating on© signal to control 
the valve of the flow mixer 26 through a conven- 
tional valve plate position control device 102 (for 
example, a proportional positioner, such as the 
Vickers XPERT DCL, a compact electrohydraulic 
package for digital control of linear drives). 

The foregoing means of the programmed com- 
puter 86 are implemented by the programming and 
operation indicated in the flow charts of FIGS. 4 
and 5. The first two boxes of the flow chart in FIG. 
4A identify and describe the self-explanatory sys- 
tem design parameters, control tuning factors and 
job input parameters which are entered through the 
data entry terminal 84. The values for CTDNMX 
and CTDNMN are selected based on operator 
knowledge. The next box of FIG. 4A and the first 
box in FIG. 4B contain the equations for the initial 
calculations performed within the programmed 
computer 86. The first six listed equations are 
specific to each slurry design. The first three equa- 
tions shown in FIG. 4B are proportional, integral 
and differential factors, respectively. In the illus- 
trated preferred embodiment, the proportional fac- 
tor PARP12 decreases in response to increasing 
the entered rate SLR; the integral factor PAR1 13 
increases in response to increasing SLR; and the 
differential factor PARD14 decreases in response 
to increasing SLR. These relationships and the 
specific values shown in FIG. 4B were empirically 
derived from computer simulations and are not 
limiting of the present invention. That is, the 
present invention in its broader aspects is not limit- 
ed to particular computational factors or processes. 

From the initial calculations and entered factors 
and parameters, along with the measured param- 
eters sampled at an interval defined as TSAMP 
indicated in the fourth box of FIG. 4 ( i.e. , DENRS, 
DENRSF, and PTNK listed in FR37 4B; the 
WTRATE signal is note implemented or used in the 
subsequent calculations, but it can be provided as 
a verification feedback signal), the production of 
the cement slurry is controlled using the formulas 
Identified in the second box of FIG. 4B. Of particu- 
lar importance is the base equation defining the 
calculated density error, DELDN. This is listed as 
equation (3) in FIG. 4B. This is the initial equation 
shown in the flow chart of FIG. 5 which shows the 
methodology by which the equations listed in FIG. 
4B are implemented. The parenthetical numbers 
shown within the boxes of FIG. 5 correspond to the 
numbered equations in FIG. 4B. 

As shown in FIG. 5. the calculated density 
error, DELDN, uses the density measurements 
from both densimeters 78, 80 (DENRS. DENRSF, 
respectively). From equation (3) in RG. 4B, DELDN 
also uses: the entered desired mix density, 
DENSN; the entered volumes, TUBV and TUBV2, 
of the primary and secondary mixing tubs; the 



entered total secondary mixing tub recirculating 
pump rate, RRP2, of the pump 62; and the entered 
slurry mix rate, or rate at which the slurry is to be 
pumped out of the apparatus, SLR (stated another 
5 way, RRP2 - SLR is the net amount recirculated 
from the secondary tub and RRP2 is the net flow 
from the primary tub to the secondary 
averaging/mixing tub when there is continuous full 
circulation through the system). These are arith- 

10 metically combined to define DELDN as: DENSN- 
DENRS + (DENSN-DENRSFy(TUBV2/TUBVr- 
(RRP2-SLR)/RRP2 = [difference between the de- 
sired density and the measured density of recir- 
culated flow through the subsystem 54] + - 

75 [difference between the desired density and the 
measured density of recirculated flow through the 
subsystem 56, adjusted by the ratio of the secon- 
dary tub volume to the primary tub volume and by 
the proportion recirculated by the pump 62]. 

20 The cement error, CMTER, is calculated from 

the calculated density error. The cement error is 
then processed through proportional, integral, dif- 
ferential (PID) error computations of known type 
but utilizing in the preferred embodiment the afore- 

25 mentioned proportional, integral and differential fac- 
tors (PARP12, PARI13, PARD14). The differential 
error computation is also a function (specifically, a 
hyperbolic function in the preferred embodiment) of 
the absolute value of the calculated density error, 

30 DELDN, as shown in FIG. 4B by the two unnum- 
bered equations between equations (10) and (11). 
This is implemented by the portion 104 of the flow 
chart shown in FIG. 5. The cement correction fac- 
tor, CNCMRA, produced from the PID function 104 

35 is added to the desired cement rate, CMDN. from 
the "initial calculations" to produce the corrected 
desired cement rate, CMTDT. This value is pro- 
cessed through the remainder of the functions illus- 
trated in FIG. 5 to produce the cement valve posi- 

40 tion control signal, CMVLPO. and the water valve 
position control signal, WTRAT. These two signals 
produce an overdriving or underdrivtng of the initial 
mixtures through the flow-mixer 26 to obtain more 
rapidly the desired density in the second averaged 

45 mixture of the secondary tubs 20. 22. To prevent 
such overdriving or underdrivtng from being too 
severe, whereby inadequate mixing of the cement 
and water might result, limits are placed through 
the bounding function of equation (16) (RG. 4B). 

so The bounding is set with the entry of CTDNMX and 
CTDNMN, the valves of which are selected by the 
operator from his or her experience. 

Although the CMVLPO and WTRAT signals are 
the control-signals by which the computer 86 con- 

55 trols the inlet means 6, the computer 86 also is 
programmed in the preferred embodiment to com- 
pute the value NDENS identified as equation (21) 
in FIG. 4B. This value is the calculated theoretical 
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density of the initial mixture provided by the flow 
mixer 26. That is, it is the calculated result which 
should be obtained from the application of the 
CMVLPO and WTRAT control signals to the valve 
38 and the valve of the How mixer 26. respectively. 

The foregoing is implemented through software 
programming which is in the known ACSL lan- 
guage by Mitchell & Gauthter Associates. Specific 
values for parameters of a particular embodiment 
are listed in the Appendix hereof. Mnemonics in 
the programming depicted in the drawings, such as 
RSW means "real switch. 0 are known within the 
language or otherwise selected and defined by the 
associated operators or equations. 

The various parameters and factors can be 
changed according to particular usages. For exam- 
ple, control gain factors would need to be changed 
between using the secondary tubs alternately and 
in parallel. The system could be designed to pro- 
vide a signal indicating the type of operation, from 
which signal the computer could implement the 
needed parameter factor change. As another exam- 
ple, the PID values of PARI 2. PARI 3 and PARI 4 
could be made variable rather than fixed. The vari- 
ation could be a function of DELDN, SLR or other 
value. Such a change would preferably be imple- 
mented to obtain the best system performance. 

Comparisons of operation between the present 
invention and other systems are shown in FIGS. 6 
and 7. FIG. 6 shows the density response in the 
primary tub of the systems as a function of time to 
a step input of 13.6 to 14.6 pounds gallon (1.63 to 
1.75 gem 3 ) in design density. Curve 106 illustrates 
the response of a system without a recirculation 
line or a secondary densimeter. Curve 108 illus- 
trates the response of a system with a recirculation 
line. Curve 110 shows the response of the pre- 
ferred embodiment of the present invention utilizing 
both recirculation lines and densimeters. 

The graphs of FIG. 7 show the resulting den- 
sities in the secondary averaging tubs of the sys- 
tems, where curve 112 is for a system without 
recirculation line or secondary densimeter, curve 
114 is for a system with recirculation line but 
without secondary densimeter, and curve 116 is for 
a system of the present invention with both of the 
recirculation lines and densimeters. 

From the graphs of FIGS. 6 and 7 it can be 
seen that the system of the present invention, 
utilizing both recirculation lines in combination with 
respective densimeters (curves 110, 116). drives 
the contents of the primary tub to a much higher 
density to average out with the contents of the 
secondary tub. thereby providing means for achiev- 
ing faster secondary tub response. 

From the foregoing, it should be apparent that 
preferred significant features include the use of a 
second recirculation line and a second densimeter, 



particularly when applied in the calculated density 
error. DELDN. Maximum and minimum mix density 
values which are inputted to bound the overdriving 
or underdriving allows the system to make faster 
5 corrections without exceeding the ability of the 
system to mix at the correction density^ values^ The 
present invention also operates in accordance with 
the foregoing to maintain a constant mix rate even 
though corrections are being made. This is 
io achieved by controlling both, rather than only one 
of, the dry cement and water inlet flows. For the 
embodiment shown in FIG. 1, the system also 
controls in response to the bulk cement delivery 
pressure to allow corrections of the cement valve 
75 delivery factor to be made on the fly. Over a given 
tank delivery, the bulk delivery pressure typically 
declines significantly and actual delivery of the bulk 
substance declines commensurately. Thus, the 
calibration factor of the cement valve needs to be 
20 continually corrected. As previously mentioned, this 
can be obviated if constant pressure is maintained 
in the delivery system. 

From the foregoing, it is apparent that the 
present invention includes means for controlling the 
25 inlet means 6 in response to the calculated density 
error, DELDN. The control means also includes 
means for overdriving or underdriving the flow mix- 
ing means 26 to produce in the first averaged 
mixture within the tub 16 excess or deficient den- 
30 sity which is within a range between a predeter- 
mined maximum density, CTDNMX, and a pre- 
determined minimum density, CTDNMN. The con- 
trol means also controls the first substance and the 
second substance so that the flow mixing means 
35 26 outputs the mixture at a constant rate. 

The foregoing preferred embodiment of the 
apparatus of the present invention can be used to 
implement the method of the present invention by 
which the production of the mixture is controlled so 
4o that the mixture has a desired density. The mixture 
includes at least two substances passed through a 
flow mixer into a first tub and from the first tub into 
a second tub where the mixture is defined. Cor- 
relating this to the illustrated embodiment, the 
45 method comprises the steps of recirculating con- 
tents of the tub 16 to the flow mixer 26; recir- 
culating contents of one or both of the tubs 20, 22 
to the flow mixer 26; measuring with the den- 
simeter 78 the density of the recirculated contents 
so of the tub 18; measuring with the densimeter 80 
the density of recirculated contents of the tub(s) 
20, 22; controlling the introduction of water into the 
flow mixer 26 in response to the desired density 
and both of the measured densities; and controlling 
55 the introduction of dry cement into the flow mixer 
26 in response to the desired density and both of 
tho measured densities. For the illustrated embodi- 
ment shown in FIG. 1 . which incorporates the pres- 
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sure sensor 98 for measuring pressure of the dry 
cement prior to it passing into the flow mixer 26, 
the step of controlling the introduction of the dry 
cement into the flow mixer 26 is also responsive to 
the measured pressure. 5 

Preferably, the steps of controlling the intro- 
duction of the two substances are performed to 
control them relative to each other so that a con- 
stant mix rate is maintained, ft is also preferred that 
these two steps be performed to control the in- w 
troduc tion of the substances relative to each other 
so that the density of a mixture from the flow mixer 
is within a range between a predetermined maxi- 
mum density value and a predetermined minimum 
density value. is 

In -accordance with the preferred embodiment 
apparatus, the corresponding preferred method in- 
cludes, within the step of recirculating contents of 
the tub(s) 20, 22, pumping contents of the tub(s) 
20. 22 with a pump at a known pump rate. RRP2. 20 
The steps of measuring density respectively in- 
clude: producing a signal, DENRS, in response to 
density of recirculated contents of the tub 16; and 
producing a signal, DENRSF, in response to den- 
sity of recirculated contents of the tub(s) 20, 22. 25 
The preferred method further comprises performing 
the two controlling steps concurrently, including: 
entering the desired density. DENSN, into the digi- 
tal computer 86; entering into the digital computer 
86 a desired rate, SLR, at which the mixture is to 30 
be pumped from the tub(s) 20. 22 for use other 
than being recirculated; computing in the digital 
computer 86 a calculated density error, DELDN, 
wherein: DELDN = DENSN-DENRS + (DENSN- 
DENRSF)*(TUBV2n'UBV) ,r (RRP2-SLR)/RRP2. 35 
where TUBV is the volume of the tub 16 and 
TUBV2 is the volume of the tub(s) 20, 22; and 
generating with the digital computer 86, in re- 
sponse to the calculated density error, control sig- 
nals for controlling the introduction of the water and 40 
dry cement into the flow mixer 26. 

A more particular embodiment of the method 
of the present invention is one for performing a 
cement job on a well so that a cement slurry is 
made and placed in the wed using conventional 45 
displacement tanks for the dual purposes of being 
secondary mixing containers and subsequently 
conventional displacement tanks. Ttiis method in- 
cludes flowing cement and water through a mixer 
into a tub to provide a mixture constituting a first so 
body of cement slurry. As previously described, 
this is implemented in the illustrated apparatus by 
controlling both the valve 38 through which the 
cement flows and the valve of the flow mixer 26 
through which the water flows into the mixer. This 55 
occurs in response to measured densities of the 
recirculated portions of the first body of cement 
slurry and a second body of cement slurry created 



by flowing a portion of the first body of cement 
slurry into a displacement tank. 

As illustrated in FIGS. 1-3, for the preferred 
embodiment apparatus, the creation of the first 
body of mixture occurs by flowing dry cement 
through this valve 38 into the flow mixer 26 which is 
connected to the tub 16 mounted on the vehicle 14 
located at a well (not shown). Water is flowed 
through the valve in the flow mixer 26. These flows 
are controlled by controlling the respective valves 
in response to measured densities of the recir- 
culated mixtures. 

To form the cement slurry in the displacement 
tank(s) 20, 22, at least part of the collected mixture 
from the tub 26 is flowed into at least one of two 
displacement tanks 20, 22 mounted on the vehicle 
14 so that cement slurry is in at least one of the 
displacement tanks. Cement slurry from the dis- 
placement tank or tanks is flowed into the well. 
This is done by pumping initially with the pump 62 
for the embodiment of the apparatus shown in FIG. 
1 and subsequently by pumping with downstream 
high pressure pumps of types known in the art (not 
shown). 

Once slurry has been removed from a dis- 
placement tank, displacement fluid is flowed into 
the displacement tank and the displacement fluid is 
thereafter flowed, using the pump 62 and the high 
pressure pumps, from the displacement tank into 
the well behind the cement slurry to place the 
cement slurry at a desired location in the well. If 
the displacement fluid is chemically reactive with 
the cement slurry, the displacement tank is first 
washed before it is filled with the displacement 
fluid. An example of how the displacement tank can 
be washed includes using a rotating nozzle of an 
automatic wash system which jets water along the 
inner surface of the displacement tank. The dirty 
wash water can be pumped by the pump 62 
through the recirculation circuit 56 back into the 
flow mixer 26 and the tub 16 as part of the water 
added to the mixture which is continuing to be 
made. 

When at least two displacement tanks are 
used, as illustrated in FIGS. 1-3, one displacement 
tank can be washed and used in its conventional 
manner while the other displacement tank is being 
used as the secondary averaging tub. If washing is 
needed, the method includes washing the displace- 
ment tank with washing water; flowing the washing 
water from the displacement tank for combining the 
washing water with cement and water flowing 
through the mixer 26 into the tub 16 to add to the 
first body of cement slurry or mixture within the tub 
16; flowing a portion of the added-to first body of 
cement into the other displacement tank to provide 
another body of cement slurry; flowing this other 
body of cement slurry from the other displacement 
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tank into the well: washing with more washing 
water the other displacement tank from which the 
other body of cement slurry was flowed and flow- 
ing such more washing water into the tub 16; and 
flowing displacement fluid into this washed dis- 
placement tank. Both tanks can then be used in 
their conventional manners for flowing displace- 
ment fluid into the well. The wash water returned 
from the other, second displacement tank can be 
pumped into the tub 16 using the pump 62 and 
held in the tub 16 since no further mixing is likely 
to occur for that particular job. The displacement 
tanks are then both available for holding displace- 
ment fluid which is to be pumped behind the 
cement slurry which has been completely pumped 
from the apparatus of the present invention. 

From the foregoing, it is apparent that the 
present invention provides fluid property averaging. 
In the particular embodiments, cement is mixed in 
a primary tub and then averaged in one or more 
downstream secondary tubs. The averaging is for 
the purpose of averaging density fluctuations and 
additive concentrations in the preferred embodi- 
ments. 

The present invention also provides additional 
mixing and increased energy relative to prior sys- 
tems of which I am aware. With high horsepower 
agitators in the secondary averaging tubs and a 
second recirculation pump in the system, mixing 
energy is significantly increased. 

The present invention also provides fast den- 
sity control. With an input from an additional den- 
simeter in the second recirculation loop, an im- 
proved control program allows improved and faster 
density response. 

In the particular embodiment combining aver- 
aging and displacement tank functions, the present 
invention eliminates the need for the conventional 
averaging tubs. The functions of averaging and 
displacement measurement can be combined into 
a single dual purpose tank system. 

Thus, the present invention is well adapted to 
carry out the objects and attain the ends and 
advantages mentioned above as well as those in- 
herent therein. While preferred embodiments of the 
invention have been described for the purpose of 
this disclosure, changes in the construction and 
arrangement of parts and the performance of steps 
can be made by those skilled in the art 



Claims 

1 . A method of performing a cement job on a well 
so that a cement slurry is made and placed in the 
well, said method comprising the steps of: 

(a) flowing cement and water through a mixer 
into a tub to provide a first body of cement 



slurry: 

(b) flowing a portion of the first body of cement 
slurry into a displacement tank to provide a 
second body of cement slurry: 
5 (c) flowing the second body of cement slurry 
from the displacement tank into the well: 

(d) flowing displacement fluid into the displace- 
ment tank; and 

(e) flowing displacement fluid from the displace- 
w ment tank into the well behind the cement slurry 

to place the cement slurry at a desired location 
in the welt. 

2. A method according to claim 1 . further compris- 
ing recirculating at least portions of the first and 

15 second bodies of cement slurry through the mixer. 

3. A method according to claim 2. wherein said 
step of flowing cement and water includes control- 
ling both a valve through which the cement flows 
and a valve through which the water flows into the 

20 mixer in response to measured densities of the 
recirculated portions of the first and second bodies 
of cement slurry 

4. A method according to claim 1.2 or 3, further 
comprising, after step (c). washing the displace- 

25 ment tank with a washing fluid and flowing used 
washing fluid from the displacement tank into the 
tub. 

5. A method according to claim 4, wherein said 
method further comprises, after said step (c): wash- 

30 ing the displacement tank with washing water; flow- 
ing the washing water from the displacement tank 
so that the washing water combines with cement 
and water flowing through the mixer into the tub to 
add to the first body of cement slurry; flowing a 

as portion of the added-to first body of cement into 
another displacement tank to provide a third body 
of cement slurry; flowing the third body of cement 
slurry from the respective displacement tank into 
the well: washing with more washirg water the 

40 displacement tank from which the third body of 
cement slurry was fiowed, and flowing such more 
washing water into the tub; and flowing displace- 
ment fluid into the washed displacement tank from 
which the third body of cement slurry was flowed; 

45 and said step (e) includes flowing displacement 
fluid from both displacement tanks. 

6. A method of performing a cement job on a well 
so that a cement slurry is made and placed in the 
well, said method comprising: flowing dry cement 

so through a valve into a flow mixer connected to a 
tub mounted on a vehicle located at the well; 
flowing water through a valve in the flow mixer; 
collecting in the tub a mixture of the cement and 
water from the flow mixer; flowing at least part of 

55 the collected mixture from the tub into at least one 
of two displacement tanks mounted on the vehicle 
so that cement slurry is in at least one of the 
displacement tanks: recirculating mixture from the 
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tub and cement slurry from the at least one dis- 
placement tank back to the flow mixer; pumping 
cement slurry from the at least one displ-acement 
tank into the well; washing the at least one dis- 
placement tank after the cement slurry has been 5 
pumped theref rom; filling the washed at least one 
displacement tank with displacement fluid; pump- 
ing displacement fluid from the at least one dis- 
placement tank into the well behind the cement 
slurry; and wherein said steps of flowing dry ce- w 
ment and flowing water include controlling the re- 
spective valves in response to measured densities 
of the recirculated mixture and cement slurry. 
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smtbr system dbsigaj parameters 



TUBV (VOLUME OF PRIMARY MIXING TUB , SSL.) 
7UBV2 (VOLUMB OF SECONDARY MIXING TUB t BBL.) 
HRP2 CZeCIRCULATlOV/BOOSr PUMP RATE, BPM.) 

K3 C(cemea/t valve position unit) / (lb /see op 

sulk delivery)/ m . 

fari2 (cement proportional coefficient) 

PAS 13 (CEMENT INTEGRAL COBFPICIENT) 

par 14. (cbment differential coefficient) 
tsamr (control sample time", sec ) 



ENTER JOB INPUT PARAMETERS'. 

SLDYO (SLURRY YIELD OESIGN POINT FT 3 /SX CMT) 
WTRGAL (JVATBR REQUIRED FOR SLURRY, OA L/SX.) 
CMTWT TW&HSHTOF SACK OP CEMENT ((V/O AOOlTli/ES) t LB.) 
SPGR (SPECIFIC GRAVITY OP MIX WATER) 

oensn (desired mix oensity, lb/ml.) 

CTDNMX (MAXIMUM M/XING OEMS/TY. LB / GAL.) 
CTOUMN (MINIMUM MIXING DENSITY, LB / GAL.) 
SLR (SLURRY MIX RATE t BBL/MIN.) 



WTRWT 
PBWA 

ABVAO 

A 
6 

C 

crvRWH 
CtVRMAX 



TUBVF 
WROJJ 

TUB VP 2 
K4 

TUBVFp 
TOTVOL 
CIVRO 

CMON 



PERFORM INITIAL CALCULATES : 
= SPGR * 6.343223 (WEIGHT OF WATER, LB/' SAL.) ., _ 

(oeusn *■ SLOro * 7. 4bosi9 - cmthit-wtrgal **irRwr)/cMwr 
l - - op additives hot in CMrwr) 



(ABSOLUTS 



« (SLOYO* 1.480319 -tVTRGAL - 3.6) /CPBtVA * CMTF/T) 

VOLUME OF AOOlTIVSS) 
' (3.6/CMTtVT * ABVAO 4 PBWA) ) M 

« I.O+PBH/A > (SLURRY CONSTANTS) 

* 1)% / 'C^^m!*&Mw$MM*(A/6)-^ PATIO 

MAXIMUM BASED OKI CTDNMX) 

« 3.61 * TUBV (FRJMART TUB VOLUME IN FT*) m „ , „ 

* SLR* .093576 *(I.O/(3LOYO*CtVRO)) (tVATER RATS RSQUIREO FOR 
SPECIF I SO DESIGN OENSITY AMD RATE j lO/SeC.) 

« TUBV2*S.6I (SECONDARY TUB VOLUME IN FT*) 

- (RRP2- SLR) /RRPR (DENSITY FEEDBACK GAIN FACTOR) 

* TUBVF2*K4 (CONSTANT FUNCTION OF K4J 

* TUBVF* TUBVFP (ADJUSTED VOLUME FACTOR) 

» (10 ~ OENSN * C) /(OENSN* (A/B) - 1. 0) (DESIRED cement/water 
' UR+'.OSs'snS/'SLOYO (OS31RSO CEMENT RATE, LB/SSC.) 
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~™ PERFORM IAJITIAL CALCULAT/OAJSr (COAJT/AJUEO) 

PARPI2 « B4R/2*(/3.943 - 1.79 * SLRtO.0699* SLR**2. -0.00/37 * 

SLR** 3.) 
ajtBTiA • PA £(13 4 SLP 

PARO/4 - PAR/4 #33.44 - 4.374 SLR* O 2004 4 SLR** 2. - 0. 0022 * 
SLR 4*3) 



SAMPLE MEASURED PARAMETERS AT IAJTERVAL T3AMPS 

DBAJRS (PRIMARY TUB RBC/RCULAT/OAJ Q6M 31 METER) 
DBAJRS P (SBC0AJOAA?Y TUB REC//RCUL AT/OA/ DeV3/MBT£R) 
WTRATB (MIX WATE/R PLOWMETEA?) . 

ptajk (/ajcom/ajg bulk delivery pressure) 



AAJO COAJTROL PROOUCT/OAJ OP SLURRY US IMG POLLOMAJG : 



(I) CTOIAJT 

(t) ocmtba? 



(3) OSLOfJ 

(4) CMTER 
(3) CM/SAO 

(6) CMT/AJT 

(7) CMTO/P 
(6) CMESAQ 



00) 



02) 
03) 
04) 



CAJCMER 
CUC/AJB 
OF 

PARI4P 
CAJCO/F 
CUCMRA 
CMTOT 
3LYOT 
'13) CWRTT 
[16) CAJR3 
17) SLY OB 
"13) 8LKRAT 
'19) CMVLPO 
'20) WTRAT 
21) aioeajs 



* rsw(t. bo. o.o, ao, cm f sag) (prbwous cbmeajt /ajpebral) 

* rsm/(t. bo- ao, o.o> cmesao) (previous csmsajt brror) 

(CTOIAJT 4 OCA4TER ARB CURR6AJT VALUES FOR CEMEX/T 
WTB6RAL AAJO CBMBAJT SRffOA? UAJ77L CLOCK FJAJ/SHSS 
THB TBA/VfP r/A#£f) . , . 

» OEAJSAJ- DBAJRS + (OEAJSAJ- OSAJR3PWTUBV2/TU8v)*(RRP2' SLR) / 
RRP2 (DEAJS/TY BRROR, LB/GAL) 

« OELOA/4CMOA// (OEAJSAJ -3.3) CCEMEAJT BRROR, LB/SEC.) 

* OBLAY(CM/T/MBt CMTIMI, 1.0,1000) CCEMEAJT A/TBBRAL, 
OAJB-TSAMP-ABO) „ 

« CTO/AJT * CMTER (CBMBAJT /AjrEGRAL) 

* CMTSR" OCMTSR (CBMEAJT O/PPEREAJT/AL) 

* OBLA Y(CMTBR, CMTER/, 1.0, 1000) CCEMEAJT ERROR, 
OKIE- rSAAsfP-AGOj 

* P4RP/24 CMTER (CBMBAJT PROPORT/OAJAL ERROR W/TH fA/AJ) 

* PARI/3 * CMTIA/T CCEMBAJT fAJTEERAL ERROR kV/TAi BAIAJ) 

* ABS(OBLDAJ) (ABSOLUTE VALUE OP OBA/S/TY ERROR) 

* PARO/4 * (EXP COP) - 6XP(-OF))/CBXP(DP)*EXP(-OP) + O. 000/) 

* PXRI4P4 CMTOIF (CEMEAJT D/FFBRBA/T/AL ERROR AV/T/i OA/A/) 
- CAAC14ER+CAJCMB+CAJCOIF (CBMBAJT CORRECT/OA/. LB/SBC) 

' CMDAJ*CAJCMRA (CORRECTED OSS J RED CEMEAJTRATE) 

* SlR*.093S76/c?MOAJ+CAJCMRA) (Y/ELO TEST. PTVLB) 

* C*S/(7.4303/9*SLYDT-A) (CBMBAJT/KSATER TEST LB/LB) . . 
BOUKID(CWRMIK/, CH/RMAX, CW/PTTj(CEMEAir/Mr£R UM/TEQ L&LS) 



• (A/(B* 7.4603/$))+. 0I6040/C/VRB (A/EM/ Y/ELO, FTVLBJ 
« (SLR/3LYOB)*. 093376 (BULK RATE, L3/3EC) 
» BLX&T*K3*(2. -P7VK/3C) (CEMEAJr MLVB POS/r/OM) 
m BLKRAT/CtV/RB (REQUIRED WATER RATE, LB/SEC) , 

• (mRAT+CMVLPV)/((WMr/kvriRivr^^ 

(1AJCOMIAJO OEAJB/TY, LB/&4L) 
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© A method of performing a cement job on a well 
so that a cement slurry is made and placed in the 
well, said method comprising the steps of: 

(a) flowing cement and water through a mixer into 
a tub to provide a first body of cement slurry; 

(b) flowing a portion of the first body of cement 
slurry into a displacement tank to provide a sec- 
ond body of cement slurry; 



(c) flowing the second body of cement slurry from 
the displacement tank into the well; 

(d) flowing displacement fluid into the displace- 
ment tank; and 

(e) flowing displacement fluid from the displace- 
ment tank into the well behind the cement slurry 
to place the cement slurry at a desired location in 
the well. 
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